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The functional state and coronary anatomy of 120 pa-
tients evaluated primarily because of a markedly positive
ischemic exercise stress test (> 2 mm ST depression) is
presented. Twenty-seven patients were asymptomatic
(group A), 36 patients (group B) had type I angina (Ca-
nadian classification) and 57 patients (group C) had an-
gina with only minor limitations (type II angina). All
patients underwent exercise stress testing (Bruce pro-
tocol) within 2 months of cardiac catheterization.
No significant intergroup differences were observed
in exercise variables including time of onset of ischemia,
maximal heart rate achieved, rate-pressure product, du-
ration of exercise or mean change in blood pressure.
Two patients in group A had normal coronary arterio-
grams. Comparison of the remaining asymptomatic pa-
tients in group A with patients in groups Band C re-
vealed no significant differences in the number of coronary
Exercise stress testing has attained widespread acceptance
in the evaluation of patients with suspected coronary artery
disease (I). Its almost routine use is based on the realization
that various exercise testing variables may predict the pres-
ence of coronary artery disease and its functional signifi-
cance (l). It has also been applied as part of screening for
life insurance applicants, executive examinations and as a
prerequisite for entering exercise programs. The degree of
the ischemic response on the electrocardiogram may predict
the severity of underlying coronary artery disease (1-13).
This correlation has motivated the referral of patients for
coronary arteriography, regardless of their functional state.
The present report reviews our experience in evaluating
patients referred for coronary arteriography because of a
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arteries involved, main left coronary artery disease,
coronary score or the frequency of collateral circulation.
In group A, 18% of collateral vessels were in jeopardy
compared with 52% in groups Band C (p < 0.05). Triple
vessel disease was present in 57% and left main coronary
artery disease in 16% of the total group. The only ex-
ercise variable useful in identifying patients with severe
coronary disease was an abnormal exercise blood pres-
sure response.
This study indicates that a markedly ischemic stress
test, regardless of the functional state of the patient,
identifies patients, including those without symptoms,
who have severe coronary disease. Except for blood pres-
sure response, other exercise variables are of limited
value in identifying patients with severe coronary disease
once a markedly ischemic stress test is present.
markedly ischemic stress test and relates these findings to
both functional state and coronary anatomy.
Methods
Study group. Entry into this study was restricted to
patients with a normal electrocardiogram at rest and no prior
history of myocardial infarction who were referred for cath-
eterization because of a markedly ischemic electrocardio-
graphic response on exercise stress testing. Patients referred
to our laboratory do not necessarily have a stress test as
part of their evaluation, especially if they are referred be-
cause of progressive or refractory symptoms, unstable an-
gina or angina at rest. Patients are invariably referred be-
cause of symptoms; however, these study patients were
referred because of stress test findings. Patients with prior
cardiac surgery or valvular heart disease or who were taking
antianginal medication within 24 hours of the stress test
were excluded.
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Table 1. Clinical Characteristics of Patients
anterior descending artery, had a significant proximal ste-
notic lesion and the distal segment gave rise to collateral
vessels (septal perforators) that filled the distal right coro-
nary artery, these collateral vessels were considered in
jeopardy.
Statistical analysis. Small lot statistical analysis has been
used throughout the study to determine confidence levels.
Significance and association between two subsets have been
assessed using the standard error of the mean.
Age (yr)
Mean ± I SO 56.0 ± 7.1 59.2 ± 6.5 61.6 ± 7.8
Range 39 to 68 37 to 70 44 to 74
Male/female 26/1 35/1 54/3
Angina pectoris
Duration (yr) 0 2.3 ± 2.8 2.7 ± 2.5
(mean ± SO)
Past medical history
Hypertension (%) 48 63 60
Diabetes mellitus (%) 7 II 19
Cigarette smoking (%) 37 25 21
Family history
Coronary disease (%) 52 69 65
Hypertension (%) 33 33 39
Diabetes mellitus (%) 15 14 23
Serum cholesterol
(% >250 mgidl) 37 42 40
SO = standard deviation.
Results
Symptomatic and asymptomatic patients. The 120
patients were classified into three functional groups (Table
I). Group A consisted of 27 asymptomatic patients who
underwent treadmill stress testing as part of a screening
procedure for latent coronary artery disease. Testing of these
patients was ordered for various reasons, including routine
screening before entering an exercise program (nine pa-
tients), family history of coronary artery disease or the pres-
ence of hypercholesterolemia (seven patients) as part of an
executive screening test (four patients), routine comprehen-
sive testing (four patients) or palpitation (three patients).
Because of the ischemic response noted on the electrocar-
diogram (ST segment depression> 2 mm), they were ad-
vised to undergo coronary arteriography. Group B consisted
of 36 patients having grade I angina pectoris on the basis
of the criteria of the Canadian Cardiovascular Society (14)
and group C consisted of 57 patients with grade II angina
pectoris. Patients in groups Band C underwent stress testing
to define their functional capacity and, for the most part,
were referred because of the ischemic responses provoked.
C
(n = 57)
B
(n = 36)
Patient Group
A
(n = 27)
Definitions and studies. A markedly ischemic electro-
cardiographic response was defined as horizontal or down-
sloping ST segment depression or a slowly upsloping ST
segment depression always exceeding 2 mm and persisting
for 0.08 second or more after the J point compared with the
electrocardiogram at rest. The functional status of the 120
patients that form this study was defined using the criteria
proposed by the Canadian Cardiovascular Society (14). All
patients underwent a comprehensive evaluation, including
a complete history and physical examination, standard 12
lead electrocardiogram, posteroanterior and lateral chest x-
ray films, as well as a complete right and left heart cathe-
terization with left ventricular angiography and selective
coronary arteriography.
Exercise testing. All patients underwent an exercise stress
test using the Bruce protocol (15) within 2 months of cardiac
catheterization. In most instances, the stress test was mon-
itored with a 12 lead electrocardiogram, while in some (15%),
only 3 leads were recorded. Blood pressure and heart rate
were recorded at rest and once or twice during each stage
of the exercise protocol, as well as during the postexercise
period. The onset of the ischemic response (ST segment
depression of at least I mm for 0.08 second's duration or
greater) was noted, but exercise was continued until symp-
toms, decrease in blood pressure or progressive changes in
the electrocardiogram aborted the test. The changes in the
electrocardiogram included ventricular arrhythmias or ST
segment depression of 3 mm or more.
Angiography and arteriography. Left ventricular an-
giographic and coronary arteriographic studies were per-
formed by standard methods and criteria described previ-
ously (16). The left ventricular ejection fraction was calculated
from the volumes derived from the area-length method (17),
whereas the pattern of the left ventricular contraction was
determined utilizing methods defined by Herman et al. (18).
Selective coronary arteriography was performed in multiple
projections by either the Sones (19) or Judkins (20) method.
Significant coronary artery disease was defined as greater
than 50% narrowing of the luminal diameter seen in two or
more projections or as greater than 70% narrowing in a
single view. The number of coronary arteries (right, left
anterior descending and circumflex arteries) involved with
significant disease was noted. Each of the major coronary
arteries was graded with the score system based on severity
of disease described previously (21), with the sum of the
scores for each coronary artery defining the total coronary
score. The main left coronary artery was considered separateIy.
The diagnosis of significant coronary collateral vessels
with either intra- or intercoronary anastomoses, required
visualization of the native coronary artery distal to the ob-
structive lesion (22). Such collateral vessels were considered
jeopardized if the coronary artery from which they origi-
nated had a significant lesion proximal to the source of the
collateral vessels. Thus, if a donor artery, such as the left
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No intergroup differences in clinical characteristics were
observed except for the presence or absence of angina.
Treadmill exercise test results according to functional
groups (Table 2). Although the onset of ischemia was as-
sociated with a lower heart rate and rate-pressure product
in the symptomatic patients (groups B and C), there were
no significant differences in average value when all three
groups were compared. No patient in group A had angina
at the onset of electrographic evidence of ischemia. whereas
6 patients (17%) in group B and II patients (19%) in group
C reported chest discomfort.
The maximal ischemic response was noted to occur at a
lower heart rate. rate-pressure product and shorter duration
of exercise in groups Band C, but no significant intergroup
differences were observed. The number of patients attaining
85% or more of predicted heart rate or manifesting an ab-
normal blood pressure response was not significantly dif-
ferent in any group. The stress test was terminated in 12
patients (44%) in group A because of profound ST segment
depression (2: 3 mm) compared with 7 (19%) and 6 patients
(II %), respectively. in groups Band C ( probability [p I <
0.0 I). Angina pectoris was a reason for terminating the
stress test (Table 2) in 3 patients (II %) in group A compared
with 18 (50%) and 32 (56%) patients, respectively, in groups
Band C (p < 0.01).
Coronary anatomy in the three functional groups
(Table 3). Only two patients (both in group A) had no
evidence of coronary artery disease. Intergroup comparisons
of the number of coronary arteries involved with significant
disease revealed that the only significant difference (p <
0.05) was that 68% of patients in group C had triple vessel
disease compared with 42% in group B. Comparison of
group A. after excluding the two patients with normal coro-
nary arteries. revealed no significant differences from group
B or C. The total coronary artery score and the frequency
of main left coronary artery disease revealed no intergroup
significant difference. A comparison of the incidence of
involvement of individual coronary arteries revealed a pre-
ponderance of disease in the left anterior descending artery.
although no intergroup significant differences were ob-
served. The percent of coronary arteries with significant
disease receiving collateral vessels revealed no intergroup
differences. However, of the vessels receiving coronary col-
lateral circulation, 44% in group Band 55% in group C
were in jeopardy compared with only 18% in the asymp-
tomatic group (p < 0.05). Comparison of the three func-
Table 2. Treadmill Exercise Stress Test According to Functional Group
Patient Group
At rest
Heart rate (beab/min)
SBP (mm Hg)
Rate-pressure product (HR x SBP x 10 - 3)
Onset of ischemia
Heart rate (beats/min)
Average change in SBP (mm Hg)
Rate-pressure product (HR x SBP x 10 3)
Exercise duration (min)
Maximal ischemic response
Heart rate (beats/min)
Average change in SBP (mm Hg)
Rate-pressure product (HR x SBP x 10 1)
ST segment depression (mm)
Patients with ST depression 2:4 mm (ric)
Exercise duration (min)
Patients attaining 2:85% predicted HR (%)
Patients having abnormal BP response (o/e)
Time to ST normalization (min)
Reason for terminating test (no. I%j)
ST segment depression (2:3 mm)
Angina pectoris
Fatigue and/or shortness of breath
Decrease in SBP
Venticular arrhythmia
Not specified
A
(n = 27)
75 :!: 15
142 ± 20
10.3 :!: 1.9
113 ± 20
+ 19 :!: 15
17.4 :!: 4.2
40 :!: 1.7
131 :!: 23
+ 24 :!: 26
21.7 ± 6.0
3.3 :!: 1.0
6 (22)
7.1 :!: 3.2
8 (37)
6 (22)
6.7 ± 2.9
12 [441
3 [II J
9133J
o 10J
0[01
3 [II]
B
(n = 36)
69 :!: II
127 :!: 20
8.6 ± 2.0
110 :!: 18
+ II :!: 10
15.6 :!: 3.6
4.1 :!: 1.4
126 :!: 22
+22 :!: 24
19.5 ± 4.9
3.1 :!: 0.7
10 (28)
6.1 ± 1.9
3 (8)
9 (24)
5.4 :!: 3.2
7 119J
18 [SOl
10 [28]
I [31
010]
010]
C
(n = 57)
71 :!: 3
138 :!: 16
10.0 :!: 2.3
102 :!: 20
+ 14 ± 15
15.4 :!: 3.7
3.8 ± 1.3
119 :!: 22
+ 13 :!: 23
17.7 :!: 3.9
3.4 ± 0.8
14 (25)
5.4 :!: 2.6
7 (12)
21 (37)
6.4 :!: 2.5
6 III J
32 [56J
14 [24J
214J
3 15J
010]
BP = blood pressure; HR = heart rate; SBP = systolic blood pressure.
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Table 3. Coronary Anatomy of Patients According to Functional Group
Patient Group
A B C Total
(n = 27) (n = 36) (n = 57) (n = 120)
(%) (%) (%) (%)
Number of vessels involved
None 2(7) 0(0) 0(0) 2 (2)
Single vessel disease 5 (\9) (20*) 7 (20) I (2) 13 (\ I)
Double vessel disease 6 (22) (24*) 14 (39) 17 (30) 37 (31)
Triple vessel disease 14 (52) (56*) 15 (42) 39 (6g) 6g (57)
Total coronary artery score 8.92 :t 3.90 9.11 :t 2.66 10.62 :t 2.0 9.79 :t 2.84
(:t I SO) +9.67 :t 3.00
Coronary arteries diseased
Main left 3 (\ 1);(12*) 6 (17) 10 (18) 19 (16)
Left anterior descending 23 (85);(92*) 32 (89) 56 (98) III (93)
Proximalt 14 (52) 26 (72) 43 (75) 83 (69)
Right coronary artery 19 (70) 24 (67) 52 (91) 95 (79)
Left circumflex artery 17 (63) 24 (67) 46 (81) 87 (73)
Collateral vessels
Number diseased arteries 17 (25) 18 (23) 42 (28) 77 (26)
receiving collateral vessels
(% of total diseased vessels)
Collateral vessels in jeopardy 3 (18) 8 (44) 23 (55) 34 (44)
(% of total collateral vessels)
*Excluding two patients with normal arteriographic coronary anatomy; tproximal to first septal perforator. Unless otherwise indicated, numbers in
parentheses denote percents of group; other abbreviations as in Table 2.
tional groups on the basis of the average left ventricular
ejection fraction or the frequency of an abnormal left ven-
tricular contractile pattern revealed no significaht intergroup
differences.
Coronary artery anatomy and exercise variables
(Table 4). Analysis of the exercise variables in relation to
the severity of the coronary artery disease (main left or triple
vessel disease [or both] versus single plus double vessel
disease) revealed that the only pertinent difference among
groups was in the blood pressure response. Thus, of 36
patients with abnormal exercise blood pressure responses,
83% had either triple vessel or main left disease, compared
with 50% (84 patients) with normal blood pressure responses
(p < 0.01). Patients whose stress test was terminated in
stage I because of symptoms or profound ST segment changes
(> 2 mm ST depression) tended to have more severe coro-
nary artery disease than that of patients who exercised be-
yond stage 1. Triple vessel and main left coronary disease
were present in 62 and 19%, respectively, of patients who
only attained stage I of the Bruce protocol compared with
48 and 7% in the remaining patients (difference not signif-
icant). The mean coronary score for both groups revealed
no significant difference.
The stress test of 53 patients was terminated because of
angina pectoris whereas that of 25 patients was terminated
because of profound ST segment depression without symp-
Table 4. Relation of Exercise Blood Pressure Response to Main Left or Triple Vessel Coronary
Disease, or Both
Patient Group
A B C Total
(n = 27) (n = 36) (n = 57) (n = 120)
Abnormal blood pressure response 6 9 21 36*
Left main or triple vessel coronary 5 (83%) 8 (89%*) 17 (81%) 30 (83%)
disease (%)
Normal blood pressure response 21 27 36 g4*
Main left or triple vessel coronary 9 (43%) 8 (30%*) 25 (69%) 42 (50%)
disease, or both (%)
*p < 0.01 (comparison of percent of patients in group B with left main or triple vessel coronary disease,
or both, in the subgroups with abnormal and normal blood pressure responses).
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toms (Table 2). The frequency of single, double and triple
vessel disease in patients with angina (9, 38 and 53%, re-
spectively) was not significantly different from that in pa-
tients without symptoms (8, 16 and 75%, respectively).
Main left coronary disease was present in 21 % of patients
with angina compared with 8% in patients without symp-
toms. The mean rate-pressure product attained for patients
experiencing angina during the stress test was 18.93 com-
pared with 20.88 in those with only ST segment changes.
Twelve of the 53 patients whose stress test was terminated
because of angina exercise in stage I and 6 of these had
triple vessel and 3 left main disease; of the remaining 41
patients with angina who exercised beyond stage I, 21 had
triple vessel disease and 8 had main left disease (difference
not significant).
Discussion
This study reports on a select group of patients evaluated
only because of a markedly ischemic response on an exercise
stress test. The large number of patients evaluated afforded
the opportunity to examine the relation of such an ischemic
response to both functional state and coronary anatomy.
More than half of the patients studied were either asymp-
tomatic (group A) or had symptoms only with strenuous,
rapid or prolonged exertion (group B). The remaining pa-
tients had, according to the Canadian Cardiovascular So-
ciety classification (14), grade II angina; that is, they re-
quired only slight limitation of ordinary activity. The
classification of the patients into group A or group B was
probably, in some patients, dependent on life style and job-
related activity. Similarly, patients in group C, with some
simple modification of daily activity, could easily have been
classified into group B.
Ischemic exercise response and severity of coronary
disease. Previous studies (2-8, 10-13) demonstrated a re-
lation of the ischemic response to the severity of coronary
artery disease. However, these reports, for the most part,
have dealt with patients studied because of symptomatic
ischemic heart disease, and it can be assumed that these
patients underwent coronary arteriography as part of eval-
uation for coronary bypass surgery. In our study, the func-
tional status in more than half the patients did not warrant
clinical tonsideration for either coronary arteriography or
surgical intervention. However, because of the ischemic
electrocardiographic response, it was thought prudent to
define the coronary anatomy. This recommendation assumes
that if the patient does indeed have severe coronary artery
disease, surgery may have to be considered despite the ab-
sence of any major functional disability. In a previous re-
port, Podrid et al. (23) challenged this logical sequence
observing that a markedly ST segment ischemic response
during stress testing was not associated with a poor prog-
nosis. Although their 142 patients were not exactly com-
parable functionally with our patients, the follow-up studies
(average 59 months) revealed an annual mortality rate of
1.4%. Only 17 of their 142 patients had coronary arteri-
ography to define the precise severity of the coronary artery
disease. This lack of anatomic documentation motivated the
present study of 120 patients, all with angiography.
The present group is unique in that the invasive study
was to a great part motivated by the profound ST segment
changes on stress testing, rather than functional status. Our
120 patients were found to have severe coronary artery
disease, as indicated by a high incidence of triple vessel
and main left coronary artery disease (57 and 16% respec-
tively) (Table 3). In an unselected consecutive group of
patients evaluated because of angina pectoris, only 30% had
triple vessel coronary disease and only 8% had main left
coronary disease (24).
Functional status and severity of coronary dis-
ease. The finding of severe coronary artery disease in our
selected patient group is consistent with many other studies
(1-13) indicating that a markedly ischemic response on
stress testing is useful in identifying patients with severe
coronary artery disease. However, the failure to observe any
significant intergroup differences on the basis of functional
classification is noteworthy and is especially relevant when
evaluating an asymptomatic or minimally symptomatic pa-
tient demonstrating such an ischemic response. Of the 24
asymptomtic patients with coronary artery disease, 56% had
triple vessel coronary artery disease and 12% had left main
coronary disease, a proportion not significantly different
from that in groups with class I and II angina (14). There-
fore, the finding of a markedly ischemic response on ex-
ercise stress testing has the same anatomic implications in
an asymptomatic patient group as in patients with angina.
The further quantitation of a markedly ischemic response
had only limited usefulness in additional delineation of the
anatomic substrate of our patients. Ellestad and Wan (25),
in a follow-up study of patients with 4 mm ST depression,
found that the sensitivity, specificity and predictive value
of this index in identifying triple vessel or main left disease,
or both, was 31,80 and 73%, respectively.
Exercise variables and severity of coronary dis-
ease. Prior studies have evaluated other variables derived
during the stress test, which may be useful in identifying
patient subsets with severe coronary artery disease. Thus,
an early ischemic response (3,5,6,11,26,27), inability to
achieve the predicted heart rate (2,10), a short exercise
duration (4-6,8,10,11), an abnormal blood pressure re-
sponse (4,5,7,28-30), a decreased rate-pressure product at
test termination (4,6) and a prolonged ischemic response
into the recovery period (3,4,10,27) have all been described
as potential markers of severe coronary artery disease. Ev-
aluting these variables in the 120 patients of the present
study indicated a limited application in identifying patients
with triple vessel or main left coronary disease once a mark-
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edly ischemic electrocardiographic response has been ob-
served. The only potential useful variable was an abnormal
blood pressure response. This was associated with an 83%
(predictive value) frequency of triple vessel or main left
disease, which was significantly (p < 0.01) higher than in
patients with a normal blood pressure response. The sen-
stivity of an abnormal blood pressure response was 42%
and the specificity was 88.5%. Sanmarco et al. (7) observed
comparable findings in patients with a marked ischemic ST
segment response. In their study, the sensitivity, specificity
and predictive value of an abnormal blood pressure response
for identifying three vessel or left main disease was 38.6,
89.9 and 74.1%, respectively. Hammermeister et al. (31)
observed that an abnormal blood pressure response during
exercise is an insensitive marker for detecting main left
coronary disease or triple vessel disease; an abnormal blood
pressure response had a sensitivity of 15% and a specificity
of 93% in detecting such severe coronary disease. In the
present study, the usefulness of various exercise variables
in identifying patients with severe coronary artery disease,
except for the blood pressure response, were of limited value
once a markedly ischemic ST segment (> 2 mm depression)
response has been observed.
Asymptomatic patients and severe coronary artery
disease. The explanation for the absence of symptoms in
group A patients can only be speculative. These patients
had both a similar stress-induced ischemic response and
severity of coronary artery disease when compared with the
symptomatic groups (groups B and C). The only significant
finding was the frequency of jeopardized collateral vessels
(Table 3). In all the functional groups (groups A, Band
C), the frequency of collateral vessels was comparable.
However, of the 60 diseased arteries receiving collateral
vessels in the symptomatic groups (groups B and C), 52%
were in jeopardy compared with only 18% in the asymp-
tomatic group (p < 0.05). ThUS, the mechanism of painless
ischemia in our patients may in some part be due to a smaller
amount of myocardium at risk during ischemia. This concept
is suggested by the observations of Rigo et al. (32), who
noted that jeopardized collateral vascular regions were more
likely to develop new stress-induced thallium perfusion de-
fects than were nonjeopardized collateral vascular areas.
In most of our patients, in all three functional groups,
the onset of ischemia (I mm or more ST depression) was
not accompanied by a complaint of chest pain. Lindsey and
Cohn (33), in a study of 122 patients with coronary artery
disease and a positive stress test, found that 44 of these
patients had no angina whereas 78 patients reported exer-
cise-induced chest pain. A comparison of both groups of
patients on the basis of functional class, multivessel coro-
nary disease, collateral vessels, maximal heart rate attained
and the presence of a markedly positive stress test revealed
no significant differences. They concluded that silent myo-
cardial ischemia was not readily correlated with any obvious
clinical or angiographic observation. Our findings confirm
that conclusion. Asymptomatic episodes of ischemia, when
compared with symptomatic ischemia, cannot be distin-
guished by the degree of ST depression (33,34) or the in-
tensity of the provocative activity (35). Painless myocardial
ischemia, however, like that associated with angina, can be
related to abnormal myocardial perfusion, lactate production
and left ventricular wall motion abriormalities (36).
We thank Dacia Horowitz, Bruce Hamby and Brenda Hamby for their
invaluable assistance.
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